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working across the industry, including at a storage OEM, investment bank, and as a
strategy consultant.
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Charitable Foundation of the Energy Bar Association, and NovoCarbon. He was also the
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Energy Storage Financing Study Series

Outreach to Financial Industry
* Improve Risk Management for Energy Storage Project Development
* Promote Greater Technology and Project Risk Transparency
* Promote Wider Access to Low-Cost Capital
* Reduce Project & Transaction Costs

Study Components i ,
« Workshops:  Project Valuation Modeling RO SMMT
e Summits: Current Market Insights |

* Reports: Document Lessons Learned

Reports: Available at https://www.sandia.gov/ess-ssl/
* Energy Storage Financing: A Roadmap for Accelerating Market Growth
* Energy Storage Financing: Performance Impacts on Project Financing
* Energy Storage Financing: Advancing Contracting in Energy Storage
* Energy Storage Financing: Project & Portfolio Valuation
* Energy Storage Financing: Operations & Market Strategy
* Energy Storage Financing: Cost & Revenue Certainty (Underway)

SAND2016-8109
SAND2018-10110
SAND2019-14896
SAND2021-0830
SAND2021-xxxx
SAND2022-xxxx

In Partnership With:

Sandia
National
Laboratories

Hosts:

KIRKLAND & ELLIS LLP




Energy Storage Financing: Cost & Revenue Certainty (Current Study)

Cost Certainty In Partnership With:
Product Cost = Project Cost

Project Development =
* Market Modeling
* Equipment / System Design Replenishment Sandia
* Interconnection / Permitting | National
e EPC (Inst.allatpn & Commissioning) 7 l l i Laboratories
* Legal / Financing Costs 2
3
Capital Equipment El Insurance

Warranty
O&M

e Cost Reductions
* Performance Improvements
* Application Specific Cost Estimate

End of Life

Mustang Prairie Energy

Operations Hosts:
* O&M
* Replenishment Slowing Average Cost Decline in Near Term KIRKLAND &. ELLIS LLP
* Insurance / Warranties Li-lon Greatest Decline in Larger Systems
* End of Life Significant Upside Cost Pressure for Many Customers
] vodue J§  sos J e |
Long Duration Energy Storage .
* Capital Costs Materials Steel Copper Scale
N ; Manufacturing HVAC Steel Location
Installation Vehicle Demand Safety Software Experience

* Operations




Energy Storage Financing: Cost & Revenue Certainty (Current Study)

Revenue Certainty

Market Modeling
* Existing Applications
* Future Possible Applications
 Visibility: Clearing / Bilateral / ????

Off-Take
* Contract (PPA)
* Hedge

* Spot Market

Impact from Operations
* Lifespan Performance
* Hybrid Systems
* Dynamic Operation

Incentives
* Deployment (ITC)
* Usage (Green/Firm PPA?)

Long Duration Energy Storage
* New Regulatory Structures
* New Off-Take Contracts

Market Role
Stand Alone
Wholesale Hybrid Operation
Transmission
utility Distribution

Island / Microgrid
Behind the Meter

Industrial
Behind Commercial
the Meter Hybrid Generation
Residential

m Definable Indeterminate

Formal Markets,
Price Visibility,
Multiple Parties

Frequency Regulation

Applications

+ Arbitrage

+ Peak Capacity Deferral
* Reserves

* Frequency Regulation
* Ramping

* Synthetic Inertia

+ Transmission Deferral

+ Transmission Congestion Relief
* Blackstart

* Voltage Support

* Microgrid / Islanding

* Distribution Deferral

« TOU Energy Management

* Demand Charge Management

* Backup Power

+ Working Storage

+ Distribution Energy Management
+ Power Quality

Bilateral Contract,
Location Specific,
Contract Specific

Black Start

Oversight

) NERC | FERC

Some BTM
Units Active in
Wholesale

Markets

Individuals Value
Application Differently,
Highly Variable

Reliability

In Partnership With:

Sandia
National
Laboratories

Hosts:

KIRKLAND & ELLIS LLP




Energy Storage Financing Study Series: Summits & Workshops

In Partnership With:

Financing Summits Event Dates

* Outreach to the Financial Industry 2021 - Sept28&29  Virtual 240 Attendees Sand
. . andia
* Allows DOE to engage directly with 2021 -Jan26&27  Virtual 300 Attendees National
those shaping the storage industry Laboratories
) Co. ) 2020 — Sept 22 & 23  Virtual 150 Attendees
* Promotes financial industry networking
with storage industry leaders 2020 — Jan 14t NY, NY 170 Attendees
* Platform to promote DOE programs and 2019 — Oct 22nd SF, CA 74 Attendees
resources
2019 — Jan 23 NY, NY 146 Attendees

Hosts:
Val . Worksh 2018 — Oct 6 SF, CA 104 Attendees
aluation Workshops
2018 — Jan 18 NY, NY 124 Attendees KIRKLAND & ELLIS LLP

e Valuation Models

2017 — June 7t D.C. 84 Attendees
 Compare Modeling Approaches
- _ 2017 — Jan 11 NY, NY 68 Attendees
* Revenue Recognition / Value Stacking
2014 — Dec 16" NY, NY 65 Attendees

* Results from Project Analysis




Energy Storage Financing Summit: September 28t" & 29th, 2021

. In Partnership With:
Day 1: Valuation Workshop Day 2: Industry Panels

i : - Wel Rohit Chaudhry, Kirkland & Ellis LLP
Welcome  Rohit Chaudhry, Kirkland & Ellis LLP eicome y

Sandia
Chairman  Richard Baxter, Mustang Prairie Energy National
Chairman Richard Baxter, Mustang Prairie Energy _ _ Laboratories
Keynote Michael Pesin, U.S. Department of Energy
Keynote Imre Gyuk, U.S. Department of Energy Keynote Mike Gravely, California Energy Commission
_ Moderator: Robert Fleishman, Kirkland & Ellis
Keynote Bobby Jeffers, Sandia National Panel 1: « Alicia Barton, FirstLight Power
Laboratories Market « Jack Farley, Apex Compressed Air Energy Storage Hosts:
Overview » Troy Miller, GE Renewable Energy '
Moderator: Ray Byrne, SNL + Salvatore Minopoli, Largo F:Iean Energy
« Tu Nguyen, SNL * Russ Weed, Advanced Rail Energy Storage KIRKLAND &. ELLIS LLP

Workshop « Di Wu, PNNL
* Giovanni Damato, EPRI
» Patrick Balducci, ANL

Moderator: Tatiana Monastyrskaya, Kirkland & Ellis
Panel 2: » Cassidy Deline, Cypress Creek Renewables

+ Tom Dickson, New Energy Risk

PCap.l(:aI * Roman Fontes, Western Area Power Administration MUS G
) ) ) roviders . M

Recordings will be available at: MlkzLorussp, CIT PRAIRIE
https://www.sandia.gov/ess-ssl/ Sondra Martinez, Nord/LB ENERGY




Next Summit & Workshop

2022 U.S. DOE Energy Storage Financing Summit (NYC)

Event
* January 20th, 2022

* Hosted by Kirkland & Ellis & Mustang Prairie Energy
* Hybrid Event: In-Person & Virtual Event
* Free Event / Invitation Required to Register

Energy Storage Valuation Workshop

Panel 1: Market Overview

Panel 2: Capital Providers

Panel 3: Revenue Certainty

Invitations to the live feed will be sent to all
DOE-OE Energy Storage Peer Review Participants

_—

2019 U.S. DOE Energy Storage
rkshop (NYC)

In Partnership With:

Sandia
National
Laboratories

Hosts:

KIRKLAND & ELLIS LLP




Energy Storage Pricing Survey Series

Energy Storage Pricing Survey Overview

Provides
* Realistic Expectation for System Price
* Standardized Reference Benchmark Price
» Range of System Costs Based on Range of Power / Energy Ratings

Technologies Covered
* 15 Technology Families Currently Covered

Key Takeaways
Lithium
* Slowing Average Cost Decline in Near Term (Lithium)
* Greatest Decline in Larger Systems
 Significant Upside Cost Pressure for Many Customers

Non-Lithium
* Project Development / EPC Costs Lacking Experience
e Exposure to Commodity Prices

* Provides Support for Non-Lithium Technologies
* Grid Applications of 2 Hours to Long Duration
* UPS Technologies Not Covered

SANDIA REPORT
SAND2021-X000(

Data Acquisition
° Prima ry - OEM & Customers 2020 Energy Storage Pricing Survey

Richard Baxter
Mustang Praine Energy

* Secondary — Market Reports

* Weighting of Data Allows to Promote Market Accuracy
* Survey Options

* U.S. Based Deployment

Anonymity
* Component and System Price Quotes
* Specific OEM Price Quote Remains Confidential

Energy Storage Pricing Survey (ESPS)

Available at https://www.sandia.gov/ess-ssl/

e 2018 ESPS SAND2019-14896
e 2019 ESPS SAND2021-0831
e 2020 ESPS SAND2021-XXXX

* 2021 ESPS (Underway) SAND2022-XXXX
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Energy Storage Pricing Survey: Technology Coverage / Data Sourcing

Energy Storage OEM

Gov / NGO / Edu

System Integrator

Power Electronics

Developer / IPP

Financial / Insurance

Consultant / Engineering

Balance of System

EPC / ECI

Utility

Total Interviews
Published Data Sources

Total All Data Sources

Unique Component Price Quotes

Synthetic Price Quote

3 4 7
6 9 5
9 2 2
6 7 11
4 11 9
3 6 12
1 1 3
4 2 7
4 1 1
70 72 83
3 7 15
73 77 ;
197 234 277
96 114 136

. 2020 ESPS Technology -

1

2

3

4q

10

11

12

13

14

15

Pumped Hydro Storage
Compressed Air Energy Storage
Advanced Compressed Air Energy Storage
Liquid Air Energy Storage
Gravity Energy Storage
Sodium
Flow Battery: Vanadium
Flow Battery: Zinc Bromide
Flow Battery: Iron
Flywheel: Long Duration
Flywheel: Short Duration
Lithium lon: NMC
Lithium lon: LFP
Zinc

Lead

PHS

CAES

ACAES

LAES

GES

Na

FBV

FBZnBr

FBFe

FWLD

FWSD

LiINMC

LiLFP

Zn

Pb

11
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Energy Storage Pricing Survey: Methodology MUSTANG
Data Collection System Ratings Calculated System Price Replenishment (2021)

Technology Specific
* Price not Cost
* Includes Est. Profit Margin
* Technology Specific
* Rating (Power/Energy)
* Component Level
* Full Systems
* Performance Metrics
* Operating Costs

Weighting
* Component Level
* Direct/ Indirect
* Commercial Position

Primary - Interviews
* Direct
* Indirect

Secondary - Published
* Published Price Quotes
* Reports
* Media

Power

* Technology Specific

* 100 MW: Wholesale

* 10 MW: Utility

e 1 MW: Distribution /
Microgrid

* 100 kW: Commercial &
Industrial

* 10 kW: Residential

Energy
* Technology Specific
* Short Duration
e 2-8Hr
* Long Duration

Equipment
* System Builds from Components
 ESS=SM +BOS + PCS + EMS
e ESSI=ESS +EPC
* Rating (Power/Energy)
* Component Level
* Full Systems
* Performance Metrics
* Operating Costs

Data Anonymity
* OEMS
* Developers
* Customers
* Competitors

Forecast
* 10 Year
* Hi/Low Banding

Usage
* Use Case Usage Profile
* Tech Specific Degradation
* (Capacity Requirements
* Forward Price Curve

Avenues
* Qversize
* Augmentation
* Replacement



Energy Storage Pricing Survey: Energy / Power Filter

System Cost Structure Built Around Data Availability

Lead

Power (MW) Energy (Hours of Duration)
100 10 1 0.1 0.01 2 3 4 5 6

Pumped Hydro Storage PHS

Compressed Air Energy Storage CAES

Advanced Compressed Air Energy Storage  ACAES

Liquid Air Energy Storage LAES

Gravity Energy Storage GES

Sodium Na

Flow Battery - Vanadium FBV

Flow Battery - Zinc Bromide FBZn

Flow Battery - Iron FB Fe

Flywheel - Long Duration FW LD

Flywheel - Short Duration FW SD

Lithium NMC Li

Lithium LFP Li

Zinc Zn

Pb




System Capital Cost Structure

SM  Storage Module
PCS Rack Level System (DC)
ESS =1 BESS = SM BOS
I EMS I Containerized System (DC) ESCHPHON S aHOnSHP
ESS Energy Storage System M Storage Module
EPC I Complete Storage System (AC) BOS Balance of System
BESS ;?::g’: :;‘;’fr‘:‘ BESS = SM + BOS
Storage Balance of Power Energy Engineering _
. PCS Power Conversion
Module System Conversion Management Procurement & System
(SM) (BOS) System (PCS) System (EMS) Construction (EPC) ems  Energy Management
System
. . . Bi-directional . . .
Racking Frame / Cabinet Container Inverter Application Library Project Management Ess Energy Storage ESS = BESS + EMS
System + PCS
Local Protection Electrical Distribution EIectrlc.aI el O Engmeerlng §tud|es/ Engineering
(Breakers) & Control Protection Permitting EPC Procurement &
Constructi
Rack Management . . Connection to Distributed Asset Site Preparation / onstraction
Fire Suppression i i Installed Complete
System Transformer Integration Construction ESSI Vs P ESSI = ESS + EPC
Battery Management HVAC / Thermal . . .
S — e Data Logging Foundation / Mounting
Battery Module Communication Commissioning

14



Project Development Cost Structure

Project Development
* Legal / Insurance

PPA / Revenue Contract

Permitting

Interconnection

Site Control

Equipment & Installation
* Capital Equipment
* Energy Management System
* Grid Integration
* EPC/ Commissioning

Operatlng Costs
* O&M (Fixed & Variable)
* Charging Losses
* Replenishment Costs
* Extended Warranty
* Insurance

End of Life
* Removal / Transportation

* Site Remediation
* Recycle / Disposal

Product Cost -> Project Cost

EPC
Replenishment
’ |
7
o)
S l l l
€
Q
-
2
= Insurance
Ll

Warranty
O&M

End of Life

Mustang Prairie Energy

15



2020 Energy Storage Pricing Survey Results (LINMC)

_ 2020 Installed System Costs System Price Forecast

Size (MW) W LINMC - 2020 System Price LINMC: 4 Hour - ESS Installed
100 | 10 | 1 | 01 | oo ) .
1000
5w w—
PHS 2634.0 0 800
CAES 1369.1 E w0 /o
ACAES 1727.8 @ s
) E 500
FWSD 1081.5 1196.6 1470.0 o s o
S/KW (4 Hr) e —
GES 358.8 W 200
FWLD 666.8 735.8 814.6 937.5 ¢ 100 10 1 0.1 0.01 100
LINMC 315.6 382.3 444.9 667.8 947.5 _::\1‘: i:: 15: ii’i ﬁj 1 m ‘ IUTHI % 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
LiLFP 296.6 366.8 427.7 653.2 929.7 e LiNMC: 4-Hr 3156 25 sz T 505 ——100MW| 3156 | 294.1 | 2769 | 2632 | 2506 | 2387 | 2275 | 2169 | 206.9 | 1975 | 1886
—TryroryTs 11 ”“ - ‘ \1 . ———10MW | 3823 3603 3431 3299 3172 3053 2938 2828 2725 2626 2531
Zn 275.3 300.4 343.0 402.4 —.\N‘,l‘. o lim ), HM :;;;1 ql 1MW | 4449 4234 4069 3942 3819 | 3704 3591 3483 3380 3281 3185
Pb 370. 1 518.4 687. 1 — . INMC: 7-Hr ‘;_)'. 9 429.9 :‘ 1V\ ; Q‘U: iMw 667.8 6418 6222 6078 5938 5806 567.7 5550 5432 5315 5202
/KW (6 HI) TPy : s - e '4:_ Rl i —— 0LMW 9475 | 9188 8972 882.1 8673 8540 8408 8279 8163 8048 7934
r LINM 04 360.8 4276 638.6 810.f
Na 367.5 393.7 425.6
FBZnBr 348.8 370.3 384.4 425.5 . .
S/kW (8 Hr) Hi / Low Forecast Price Range
FBV 322.6 374.3 427.6 605.8
FBFe 344.6 370.5 393.0 435.4 LINMC: 100 MW, 4 Hour - System Price Range
LAES 267.4 oo
450
400
* Ratings: Power & Energy 30 Lifespan: 10-20 Yrs.
» Differing Duration 2 w0 Round-Trip Efficiency (AC): 80-85%
200 \ Operating Range (Depth of Discharge %): | 80%-100%
Proprietary Data 150 Capacity at End of Life (% of Original): 70%
. A dc Pri 100 Operation & Maintenance (O&M): 2-3%
verage omponent Prices w
* Standardized Components (BOS/PCS/EPC)
. . 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
* Synthetlc Total Price ——low | 2358 2200 207.3 1972 1879 1792 1710 1631 1559 1490 142.4
e Med | 315.6 2941 2769 263.2 250.6 2387 2275 2169 2069 197.5 188.6
Hi | 4043 | 3765 3541 3364 3199 3046 | 2900 2762 | 2633 | 2511 | 2395 16




2021 Energy Storage Pricing Survey (Current Study)

Technology
* Evaluate Adding Thermal: Cold
* Evaluate Adding Thermal: Hot

Long Duration Energy Storage
* Expand Duration to 10 Hr

System Components
* Grid Integration (Substation)
* EPC (Deployment Differentiation)
* End of Life

Project Costs
» Standardized Usage Profiles
* Performance Characteristics
* Project Economic Model
* Total Cost of Ownership (TCO)

Project Finance Model

Technical Input

* Scale: MW/MWh
* Performance
* Usage Impact

Economic Input

) Project

* Capital Cost s

* O&M: Fixed / Variable Operation
* Warranty

Market Input

* PPA / Contract
* RTO: Products / Services
* Utility Programs

Financial Input

* Equity: $SS and %

Project Development

* Legal
* Permitting
* Analysis / Engineering

Reference Cost
* Installed Capital Cost
* Total Cost of Ownership

* Debt: $8S and %
* Tax

]

Project Performance

* LCOS
* NPV

Project

Finance

Special Purpose Entity

* Project Return - IRR
* Debt Repayment

Capital Providers

¢ Equity IRR
* Debt Payment

Model Sensitivity

Input Cost Impacts
Cost of Capital

17



2021 Energy Storage Pricing Survey: Replenishment (Current Study)

. . . [ CO nt ra Cted
Augmentation T STTeeT | EEEEDE —— Reserve
HH GBoes S Periodic Equipment Additions —
Replacement “! “! =
EEEE uEEE
EEEE aEEE =
é .IlIlIllllIIIlIIIlllllIIIlIIIlIIIIIIIIIIIIIIIIIIIIIIII
Oversizing — f —e— e e mm En e o e Em E e e e e e
ENEEEEE O
ANEEEEE ©
Q.
Source: EPRI 8
Battery Degradation Estimate System Operating Life (Years)
—e—2 cycles/day ——1.5 cycle/day ——1 cycle/day 0.6 cycle/day
100
= o5 System Degradation Drivers
§ 90 . . . .
2 g5 Environment Cycle Life Depth of Discharge Calendar Life
D
o 80
; The Effect of Temperature on Battery Capacity 10’ [
g 75 ———
o = 10°
B ] S ..
65 Veltage. % E 10
0 5 10 15 20 © %“’
Time (Years) L] &= i
Cycles, Time ° * Dopﬁ‘ngiichlfgo{%l ® 1o
Source: DNV
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Author Contact Information
» Richard Baxter
» Mustang Prairie Energy
» rbaxter@mustangprairie.com

» M: 617-320-0598
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